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GEOLOGICAL SCIENCE FIELD TRIPS are free 
tours conducted by the Educational 
Extension Section of the Illinois 
State Geological Survey to acquaint 
the public with the geology and mineral 
resources of Illinois. Each is ·an all-
day excursion through one or several 
counties in Illinois; frequent stops 
are made for explorations, explanations, 
and collection of rocks and fossils. 
People of all ages and interests are 
welcome. The trips are especially 
helpful to teachers in preparing earth 
science units. Grade school students 
are welcome, but each must be accompanied 
by a parent. High school science classes 
should be supervised by at least one adult 
for each ten students. A list of previous 
field trip guide leaflets is available 
for planning class tours and private 
outings. 
April 21, 1979 WESTFIELD-CASEY--Clark, 
Coles, and Cumberland 
Counties 
May 5, 1979 FARMER CITY--De Witt 
County 
A complete description of 1979 field trips 
is available from the Illinois State 
Geological Survey, Natural Resources 
Building, Urbana, IL 61801 
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Geologic history of the Marion area. The Marion field trip in southern Illinois 
covers an area of diverse topography, relief, structure, and geological history. 
The area straddles the boundary between the Mt. Vernon Hill Country on the north 
and the Shawnee Hills Section on the south (fig. 1). The Mt. Vernon Hill C011ntry 
in this vicinity is a till plain of Illinoian age mantled with silts and loess 
(pronounced "luss") of Wisconsinan age, that has a maximum surface relief of about 
60 feet. (See section entitled "Pleistocene Glaciations in Illinois" following 
p. 20 for more details.) It is drained by the South Fork Saline River and its 
tributaries to the east into the Ohio River and by Crab Orchard Creek and its 
tributaries to the west into the Big Muddy River and finally into the Mississippi 
River. The bedrock surface, which generallY is ~uried except along some streams 
and in some road cuts, is an ancient land surface of relatively low relief that 
was produced by erosion acting throughout millions of years of geologic time, 
probably since the close of the Pennsylvanian Period about 280 million years ago. 
No evidence has been found in the rocks in this area that any younger strata 
were deposited until a Pleistocene glacier covered the area briefly about 300 
thousand years ago. The glacier slightly modified the ancient land surface by 
depositing a thin cover of till as the glacier melted. Soils in this region have 
developed in the loess and underlying till. 
Continental glaciers reached their maximum development during Illinoian glaciation, 
which extended southward from Canada into northern Johnson County and buried 
the Marion area under hundreds of feet of glacial ice. The glacier fell about 
two miles short of reaching the ridge crest of the gentle north slope of the 
Pennsylvanian cuesta ("kwesta"),a landform that has a gentle -slope on one side 
and a steep slope on the other. In front of the ice margin, melting ice formed 
a number of lakes that extended southward into the valleys of the north-flowing 
streams. As these lakes deepened, low places along the crest of the cuesta at 
several localities became spillways, and the water coursed down across the steep, 
south face of the cuesta. The spillways did not erode deep notches or passes 
southward through the cuesta because the lakes apparently did not last very long. 
As the ice melted away, the lakes drained northward. Although glacial till older 
than Illinoian has been studied farther north in Illinois, none is known to be from 
this area. Occasionally, however, scattered boulders. of igneous rocks from 
regions far to the north of Illinois are found south of the known glacial boundary. 
These boulders might be the only remnants of an earlier glaciation that extended 
farther south than the Illinoian glacier. 
The southern part of the field trip area is in the scenic Shawnee Hills, also 
known as the "Illinois Ozarks." The northern limit of the Shawnee Hills includes 
the Pennsylvanian escarpment, the steep, south face of the cuesta. This ridge, 
which is composed largely of resistant sandstones, extends eastward from the 
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Figure 1. Physiographic divisions of Illinois. 
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Mississippi River to the Ohio River. The crest of the escarpment is als'O the 
drainage divide between the Saline and Big Muddy river systems on the north and 
the Cache River on the south. Although most of the escarpment is highly dissected 
by streams, in some places flat upland remnants ~re preserved along the crests 
of narrow ridges. The high parts of the c~est are at mean sea level (m.s.l.) 
elevations of about 800 feet or more. The lowest elevation in the field trip 
area is about 385 feet (m.s.l.) along the Cache River in the southern part . . Total 
relief, therefore, is at least 415 feet. 
Streams cutting into the resistant Pennsylvanian escarpment have steep ·gradients 
and narrow, V-shaped valleys. South of the escarpment, the underlying Mississip~ 
pian strata are more easily eroded and little upland surface remains. The area 
is characterized by rounded hilltops and long hill sl_opes. Stream gradients are 
much lower than they are to the north, and the valleys are broader, having some 
flat areas along the bottom of large streams because of the deposition of sediments. 
The courses of the streams depend on the type and hardness of the bedrock through 
which they flow and on small structural features which affect their courses. This 
erosional surface has been in the process of developing since the end of the 
Pennsylvanian Period and has been only slightly modified by the addition of ~ the 
thin mantle of Pleistocene loess. 
Bedrock strata exposed in the Marion field trip area are derived from limy muds, 
silts, and sands that were d~posited layer upon layer in ancient shallow seas 
that repeatedly covered the ~idcontinent region beginning about 625 million years 
ago. Millions of years of deep burial consolidated these sediments into limestones, 
d6lomites, siltstones, sandstones, and shales now found iri . bedrock exposure~ and 
well borings (fig. 2). Some coal and clay are also found in this sequence of 
consolidated rocks. Bedrock strata are more than 12,000 feet thick between the 
unconsolidated surficial materials and the ancient, uneven surface of Precambrian 
rock, which is mostly granite and granitelikamaterials. 
The Marion field trip area is slightly southwest of the deep part of the Illinois 
Basin (figs. 3 and 4), an oval area of gentle downwarping underlying southern 
Illinois, southwestern Indiana,and western Kentucky. Bedrock strata exposed at 
the surface in the area dip northeastward into the basin, where they have been 
found several hundred feet below the ground surface. 
Mineral production. Ninety-nine of the 102 counties in Illinois reported mineral 
production during 1976, the last year for which totals are available. The estimated 
total value of all mineral production in Illinois was more than $1 billion. In 
Williamson County, mineral resources include coal, crude oil, and natural gas 
that had total value of more than $49 million. Stone and sand and gravel produced 
in Union. County had a va 1 ue of a 1 most .$'3 mi 11 ion, and Johnson County produced stone 
and coal. Two sand and gravel operations are located in Union County .... .fifty-
nine counties in Illinois produced nearly 38.8 million tons of sarid and gravel 
valued at $87,152,000. 
Crude oil production in Williamson County amounted to 126,000 barrels . .va.l7ued at $11 3.mi~lion. Total oil production for Il~in~is during 1976 amounted to ·over 26 m1ll1on barrels valued at almost $268 m1ll1on. The county produced 68 million 
cubic feet of natural gas, as compared to total production by five counties in 
Illinois of over 1,556 million cubic ·feet valued at about · $1 million. 
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Figure 3. The location of the Mississippi 
Embayment and adjacent major structures: 
(l) Mississippi Embayment, (2) Illinois 
Basin, (3) Ozark Dome, (4) Cincinnati Arch, 
and (5) Nashville Dome. 
MARION 
0 50 100 Miles 
0 50 100 Kilometers 
Figure 4. Stylized north-south cross section shows the structure of the Illinois Basin. In order to 
show detail, the thickness of the sedimentary rocks has been greatly exaggerated and the 
younger, unconsolidated surface deposits have been eliminated. The oldest rocks are Pre-
cambrian (Pre-C) granites. They form a depression that is filled with layers of sedimentary 
rocks of various ages: Cambrian (C), Ordovician (0), Silurian (S), Devonian (D), Mississip-
pian (M), Pennsylvanian (P), Cretaceous (K), and Tertiary (T). The scale is approximate. 
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to the next point 
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1. 0 
0.25 
0.15 
0.5 
0.65 
0.4 
0.75 
0.35 
0.15 
0.6 
guide to the rpute 
Assemble heading west in the parking lot on the 
north side of Marion Community High School. 
Total 
mileage 
0.0 
CAUTION--Stoplight. 1.0 
~in Street. 
CAUTION--stoplight. TURN LEFT (north) on North 1.25 
Russell Street. 
CAUTION-unguard~d Crab Orchard ~· Egyptian Raf road 1. 4 (CO & E) crossing; two tracks. ·· 
CAUTION--stoplight; state route 13. CONTINUE AHEAD 1.9 
(north). 
Area to left of abandoned strip and underground mines 2.55 
in Herrin (No. 6) Coal which was reported to be 7 to 
8 feet thick and about 25 feet q~ep at the s~~~b ~nd. 
Coal deepened to north and east. Currently be~ng 
stripped by Claude White Construction Company. · 
T-road intersection. TURN LEFT (west). 2.95 
T-road intersection. TURN LEET (west) and cross 3.7 
I-57 overpass in 0.15 mile. 
T-road intersection. TURN RIGHT (north). 4.05 
Y-1ntersection. BEAR LEFT (northwest and west). 4.2 
CAUTION, the road for the next 0.5 mile is in ,very 
poor condition. 
Partial section of strata above the Herrin (No. 6) Coal Member exposed in 4.8 
abandoned strip-mine highwall (Ctr. S%SW%NW% Sec. 2, T. 9 S., R. 2 E., 
3rd P.M., Williamson County; Johnson City 7.5-minute quadrangle). 
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The following section is exposed on the east side of the box cut just north of 
the Stroud Cemetery (from top to bottom): 
Spoil pile--material contains pieces of reddish limestone and sandstone. 
Brereton Limestone Member--gray to brownish gray, thick-bedded, fossil-
iferous; top 5 in. of upper 2 ft massive bed weathers platy, 
but lower surface is highly irregular because of ground-water 
solution; bottom bedding surface also shows solution features 
locally; 7 ft, 4 in. thick. 
Anna Shale Member--black shale, thin bedded; 1 ft, 6 in. thick. 
--black shale, blocky but weathers sheety, harder than 
above; contains phosphatic ironstone concretions 
up to 5 in. thick x 9 in. across; about 2 ft, 
2 in. thick. 
Energy Shale Member--medium gray, blocky, tends to be poorly" bedded, fairly 
hard; base covered; over 15 ft thick. This exposure is less 
than 0.5 mile southeast of the type section of the Energy Shale. 
A type section is an exposure that has been judged by a geologist 
to exemplify be~t the characteristics of a particular rock 
stratum or succession. The selection preferably is an area 
where its maximum thickness is shown as well as its _top and 
bottom. 
Covered interval--about 6 ft thick. 
Water level 
Elsewhere in this vicinity, the Energy Shale has been described as attaining a 
maximum thickness of about 22 feet, but where it is absent, the Anna Shale lies 
directly on the Herrin Coal (fig. 5). Therefore, it would be probable that the top 
of the Herrin Coal is close to water level here. The coal has been reported to have 
an average thickness of 8 feet in this vicinity. · 
Nine of the 18 operating mines in the county mine the Herrin (No.6) Coal, which is 
one of the most important commercial coals in Illinois. 
0.0 
1. 55 
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Leave Stop l. CONT-INUE AHEAD (westl. ihis mine area 4.8 
was abandoned before modern strict reclamation laws 
went into effect, yet it is · sti~l in be'tter condition 
than many older strip-mined ,areas. 
CAUTION, Crenshaw Mine entrance to the _right, 6.35 
CONTINUE AHEAD (west). . . 
CAUTION, Burlington Northern. Rai_lroad (BN) crossing·. 6.5 
CONTINUE AHEAD (west) through an _ abandaned ., ~tr1P,~BJj ,pe .. · 
area. As most of this area was abandoned Before any 
reclamation regulations were. established, spoil Rjles , 
were left heaped across the countryside to be taken 
over by small trees and weeds. Many of the roads back 
into the old mine areas have become convenient places 
for local residents to dump ,theirrefuse. 
--··-~-~~---
0.9 The area to the right has 
been .strip mined and the 
·pit used for refuse dis-
posal. Currently they are 
putting soil over the top 
and reclaiming the area. 
0.85 CAUTION, enter village 
of Energy. 
0.3 STOP, 2-way; state route 148. 
CONTINUE AHEAD (west). 
1.0 TURN LEFT (south) at entrance to 9.55 
Williamson Coal Company. NOTE: 
you must have proper safety 
equipment and permission to enter 
this mine. (Office: NE%SE%NW%NE% 
Sec. 1, T. 9 S., R. 1 E., 3rd P.M., 
Williamson County; Herrin 7.5-
minute quadrangle.) 
Fourteen coal mines in six different 
coal seams in Williamson County 
produced more than 3 million tons 
of coal valued at slightly less than 
$48 million, the seventh highest 
tonnage among 19 co a 1-produc i ng 
counties in Illinois, which produced 
over 58 million tons valued at more 
than $924 million. Nearly 418 
million tons of coal were produced 
in Williamson County from 1882 to 
1976. The Williamson Coal Company 
is one of five mines in the county 
that mine the Harrisburg (No. 5) 
Coal Member. This mine opened in 
1975 and has mined out about 120 
acres. The No. 5 Coal averages 
42 inches thick here at a current 
average depth of 40 feet. The 
overburden includes about 15 feet 
of bedrock above the coal. 
Heavy equipment at this mine 
includes (1) Bucyrus Erie (BE) 
7W dragline of 7 cubic yards capacity 
used mainly for removal of unconsoli-
dated overburden, (2) Marion 191M 
power shovel of 13 cubic yards 
capacity used primarily for removal 
of bedrock, and (3) BE85B power 
shovel of· 4 cubic yards capacity 
used as a coal loader. The mine 
was designed for an annual capacity 
of 300 thousand tons of coal, but 
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Figure 5. Classification of the Pennsylvanian 
System in southern Illinois. In the graphic 
column, blank space indicates gray shale. 
Some named members are listed to the left 
of the graphic column. (Modified from Will-
man et al., 1975, p. 166-167; not to scale.) 
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now is producing slightly less than 210 thousand tons annually. Forty people are 
employed here. All of the coal is shipped and sold under an 8-year renewable contract 
to the Southern Illinois Power Co-op steam-generating plant south of Marion ·(Stop 
No. 3). 
The following describes a generalized highwall section for this mine: 
Glacial drift---10 to 20 feet thick. 
Canton Shale Member---dark gray, thinly laminated, carbonaceous; contains 
numerous sideritic bands; 5 to 10 feet thick. 
St. ·David Limestone Member---medium dark gray, fine-grained, hard, massive, 
fossiliferous (brachiopods and crinoid stems); locally may 
be a calcareous shale; 1 to 2 feet thick. 
Shale---black, fissile, hard, fossiliferous (fish scales); lower part 
contains large dark gray to black smooth dense fossiliferous 
(pelecypods and fish remains); 5 to 6 feet thick. 
Dykersburg Shale Member---medium gray, soft, poorly bedded; forms broad 
lenses; 0 to 7 feet thick. 
Harrisburg (No. 5) Coal Member---normally bright and banded with calcite 
on cleat faces; 3~ feet thick. 
Claystone---floor of pit. 
In addition to reclaiming recently stripped land, the company also is reclaiming 
older stripped land to the south of their pit. This older land will be partially 
leveled. 
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leave Stop 2. TURN RIGHT (east) at the mine entrance 9.55 
toward Energy. 
Enter village of Energy 10.05 
STOP, 2-way; state route 148. TURN RIGHT (south) 10.55 
on state route 148 for the next 8.4 miles. 
CAUTION-stoplight; state route 13. CONTINUE AHEAD 12.55 
(south) on state route 148. 
CAUTION-CO & E railroad crossing. 13.2 
CAUTION--old route 13. CONTINUE AHEAD (south) and 13.55 
enter area of the former Crab Orchard Ordnance 
Depot. During World War II, this was one of the 
largest atmlunition testing and storage depot~ ih 
the nation. Many of the buildings and earthen 
storage u;gloos" from the war days are now l~ased 
to s·ome of the 14 1 ndustri es based here. Products 
manufactured here ;·nclude explosi·ves and canoes. 
Enter causeway across Crab Orchard Lak~ • . Thi~ lake 15.1 
was constructed by the u.s. Soil Conservation :servic8! 
with assistance from the Works Project Administration (WPA) and the Civilian 
Conservation Corps. The WPA did most of the actual construction. 
Construction--completed in 1938. 
Maximum length--approximately 9 miles. 
Maximum width--S miles. 
Shoreline length--127 miles. 
Spillway elevation--405 feet m.s.l. 
Water acreage--7,000 acres. 
Greatest depth--35 feet. 
Average depth--6 feet. 
Main purposes: (1) industrial water supply for attracting new industry to 
southern Illinois, which was a severely depressed area as a result of the 
Depression, and (2) recreation. 
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0.15 
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0.4 
0.25 
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0.6 
0.05 
15.3 
Note erosion and }slumping of tHe lake shore to the 15 .. 55 
south and west .. 
Wate~fowl observation platfonn§mto right... Winter1ng 16.2 
ducks and geese feed at the srna 11 p()nds west of the 
highway. 
Prepare "to turn left. 18.8 
TURN LEFT (easterly) and proceed to sta.te route 37 ·18. 95 
nearly 4 miles to the east. 
CAUTION-narrow Burlington Northern ratlroad under- 22.25 
pass. 
STOP, 1-way. TURN RIGHT (southerly). 22.8 
Prepare to turn left. . 25.1 
TURN LEFT (east) on Lake of Egypt road. 25.25 
Cross-bedded lower Pennsylvanian sandstone to left 25.75 
in little Saline Creek bank. 
CAUTION--Burlington Nortfiern and Chicago I Eastern 26.15 
Illinois Railroad crossing. Good view f coal storage 
piles aheael and to the rcight. 
CAUTION, truck entrance. CONTINUE AHEAD (east). 
Southern I 111 noi s Power Co..op "Rawer pllnt to 
right. 
26.4 
26.5 
TURN RIGHT (southeast) into lmall parking area east of spillway for 27.15 STOP 
the stop. Discussion of power plant and Lake of Egypt. (NE%NE%NW%NW% ® 
Sec. 25, T. 10 S., R. 2 E., 3rd P.M., Williamson County; Goreville 7.5-
minute quadrangle.) 
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The Southern Illinois Power Co-operative, with a membership of about 30,000, was 
formed in 1948 as a result of a study detailing future population and industrial 
trends and needs in this region and projected wholesale power costs. The uncertainty 
of acquiring additional power supplies when needed from commercial power sources 
coupled with increasing power costs led to an application to the federal government 
for permission to form an electric co-operative. Permission was granted in 1960, 
and construction of the facilities began in 1961. In late 1963, the first electric 
energy was produced from the plant on the west side of Lake of Egypt. 
The power plant has 3 small boilers and generating units, each with a capacity of 
33 megawatts (Mw) of electricity. Each unit uses about 20 tons of coal per hour. 
A new unit having a capacity of 170 Mw is nearing completion; it will use 80 tons 
of coal per hour. Based on projected needs, the co-operative has already filed 
for permission to add a new unit that would use 180 tons of coal per hour and 
would have a generating capacity of 350 Mw. Even if that approval is granted 
soon, the unit still would not be in operation until the mid 1980s. Considerable 
time is required to obtain approval for such projects and to build the new unit. 
To complicate things more, additional coal supplies will be needed. Perhaps 
local suppliers will be unable to furnish all that is needed, in which case the 
plant facilities will have to be altered to make provision for unit train 
delivery of coal. 
Coal for this plant currently comes from about 12 suppliers who will furnish about 
a half million tons of coal this year. Approximately 40 percent of this coal will 
come from mine slurry ponds. In the past, the fine coal particles from coal 
preparation plants could not be utilized and were therefore flushed out of the 
plants into settling ponds. Many modern power plants use fine coal in generating 
energy and some 'of · them are able to use the older fine coal from the slurry 
ponds. Some of the slurry pond coal used here comes from as far away as Perry 
County to the northwest. Energy produced from this coal costs about one-third 
that produced from new coal. 
Truck shipments of raw, unprocessed coal are received at the plant, reduced to 
2-inch lumps or less, and sent to the crusher house, which reduces it to l/4 inch 
or less. The coal is then fed directly to the boilers or stockpiled for future 
use. A 30-day supply of coal is normally held in reserve in the stockpile. The 
coal is blown into the boilers and burned in the airstream. Ash produced is 
collected before it can be expelled into the air through the smokestack and mixed 
with water to form a slurry, which is pumped into ponds where it settles and 
hardens. The elevated covered conveyor belt extending northward from the plant 
will carry ash from the 170 Mw unit to a disposal site north of the road. Ash 
from this plant is taken by conveyor belt to the disposal area across the road, 
north of the plant. 
Water for steam production in the plant is taken from the lake and treated chemi-
cally before use. To produce 1 kilowatt of energy, 10 gallons of water are needed, 
9 of which are used for cooling and are returned to the lake. Although much of the 
water taken into the plant is re-used several times, new water is continu~lly drawn 
from the lake. Water loss in the steam system is less than 1 percent, so between 
9,000 and 10,000 gallons of make-up water are needed daily. 
Lake of Egypt is also owned by the co-operative. The lake is about 7 miles long, 
covers about 2300 acres, and has a shoreline of approximately 93 miles. Near the 
dam, the lake has a maximum depth of 52 feet, but the average depth is about 18.5 
feet. The spillway was cut through lower Pennsylvanian sandstone and the bottom 
portion was lined with concrete. 
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Leave Stop 3. TURN LEFT {westerly) and retrace route 
to coal stockpile. 
CAUTION, truck entrance . CONTINUE AHEAD (west) but 
prepare to turn left. 
TURN LEFT (south) just before Burlington Northern 
railroad crossing. 
CAUTION--spur railroad crossing. 
"CAUTION--bridge across arm of lake of Egypt. 
CAUTION-intersection. .TURN RIGHT (south). 
The southernmost known glacial till exposure was 
identifted and described about 0.8 mile east of here 
and now lies under the lake. 
TURN RIGHT (west). 
~outhernmost extent of glacial boundary has been 
mapped about 0.15 mile to the south, just beyond 
the crest of the hill. 
A glacial boulder was collected here. 
CAUTION-Burlington Northern, Chicago & Eastern 
Illinois Railroad crossing. 
STOP, 1-way; state route 37. TURN LEFT (south) on 
state route 37. 
Enter Goreville village limits. 
CAUTION-Goreville business district. 
Prepare to turn right. 
TURN RIGHT (west) at entrance to Ferne Clyffe State 
Park. Pennsylvanian-age sandstone exposures are 
almost continuous from crest of road to base of hill. 
STOP, 3-way. Ranger office to right. TURN LEFT (southerly) and descend steep hill. 
Lake dam to left, CONTINUE AHEAD. 
Y-intersection. BEAR RIGHT (westerly) below the 
d.am. 
Big Rocky Hollow parking and picnic area. LUNCH STOP, followed by 
discussion of the local geology. (SE% NW% SW% Sec. 22, T. 11 S., 
R. 2 E., 3rd P.M., Johnson County; Goreville 7.5-minute quadrangle.) 
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Bedrock strata exposed in the park belong to the Caseyville and Abbott Formations of 
lower Pennsylvanian age. The section from the hilltop to the stream is as follows: 
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PENNSYLVANIAN SYSTEM 
McCormick Group 
Abbott Formation 
Grindstaff Sandstone Member--light gray but weathers brownish or reddish 
and appears slabby, slightly micaceous, fine grained, fairly well in-
durated; dips north about 2b to 3°; contains some quartz pebbles, which 
is the easternmost occurrence in this member; about 120 ft thick. 
Caseyville Formation 
Pounds Sandstone Member--light gray, medium to coarse grained, quartzose, 
hard, well-jointed, massive, glistening, cross-bedded; contains quartz 
pebbles; shows characteristic honeycomb weathering; forms the 75-foot-
high box canyons in this vtcinity; 120 to 130 ft thick. 
Drury Shale Member--dark gray, slaty, weathers fissile; contains some 
conglomeratic sandstone and siltstone interbeds; 40 ft thick. 
The small streams here erode the weak Drury Shale and wash it out from under 
the Pounds Sandstone, producing a characteristic overhang. In addition, the shale 
tends to part into thin sheets that easily slip past one another because the clay 
minerals forming the shale are slick when wet. This lubricated surface allows 
massive blocks of the overlying Pounds Sandstone to slide away slowly from the 
cliff face. The sizes of the sandstone blocks are determined by the joints and 
fractures present within the sandstone body. 
An examination of the exposed strata at the heads of some of the box canyons shows 
that the joint system noted in the Pounds and the Grindstaff Sandstones is also 
present in the basal Drury Shale. This proves that the jointing is a superimposed 
structure formed by crustal forces affecting this whole region rather than a 
peculiar characteristic of a particular rock type. Crustal forces producing this 
type of structure probably occurred after the close of the Pennsylvanian Period 
but before the deposition of Cretaceous sediments in extreme southern Illinois. 
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Leave Stop 4. Retrace route back to park entrance. 
STOP, 1-way. TURN RIGHT (south) on state route 37. 
Roadcut through Pounds Sandstone. 
Prepare to turn left. CAUTION, fast oncoming 
traffic. 
TURN LEFT (east) and enter Southern Illinois Stone Company quarry. 
You MUST stop at the office to secure permission to enter this proper-
ty. Do NOT get out of your car until told to do so in the spoil-pile area. 
(Office: NE%NW%NE%NE% Sec. 10; quarry and collecting area: NW% 
Sec. 11, T. 12 S., R. 2 E., Jrd P.M., Johnson County; Vienna 7.5-
minute quadrangle.) Mississippian Kinkaid Limestone Formation and 
overlying Wayside Sandstone Member of the Pennsylvanian Caseyville 
Formation are exposed here. 
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The Kinkaid Limestone is the youngest and northernmost limestone-bearing formation 
of consequence in extreme southern Illinois (fig. 6). This formation extends 
across southern Illinois just beneath the Pennsylvanian escarpment in an eroded 
outcrop band l/8 to nearly 2 miles wide, except locally, where it has been eroded 
away. Although the Kinkaid consists primarily of limestone, prominent shale units 
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may be present. The Kinkaid is 
partially eroded and generally is 
less than 50 feet thick to the west 
in Union County, whereas across the 
state in eastern Hardin County it 
is thin or absent because of erosion. 
In western Hardin County and 
eastern Pope County, the formation 
attains a maximum thickness of 
about 200 feet, about half of 
which is shale. Thicknesses of 
140 feet have been reported in 
Johnson and western Pope Counties. 
Here, in the central area, the 
formation apparently contains its 
greatest continuous thicknesses 
of limestone and is locally overlain 
by the Grove Church Shale. At 
least part of the irregular thick-
ness of the Kinkaid Formation is 
a result of erosion before the 
overlying Pennsylvanian strata 
were deposited. 
Limestones in the Kinkaid generally 
are gray to dark gray to black, fine-
to medium-grained, well-bedded in 
strata less than 3 feet thick, more 
or less siliceous, locally cherty, 
and may contain small pyrite crystals. 
The chert may be disseminated 
throughout portions of the limestone, 
or it may occur in beds. Some of 
the chert is black. In this area, 
a prominent shale unit 10 to 15 
feet thick occurs about 40 to 50 
feet below the top of the limestone. 
The overlying Pennsylvanian Wayside 
Sandstone Member of the Caseyville 
Formation is conglomeratic in the 
lower part. Flattened discoidal 
light brown fine-grained 
sandstone stringers and chert pebbles 
occur in a light gray medium-grained 
sandstone matrix. This unit also 
contains thinly laminated light 
gray and medium gray siltstone. 
Compressed carbonized plant remains 
are common. 
In this quarry, stone is trucked 
from the quarry face to the 
processing plant, where it goes 
through a series of three crushers 
and three screening towers which 
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Figure 6. Columnar section of the Chesterian 
Series (after Swann, 1963) in the Marion 
field trip area. In the columnar section, 
the blank areas are shale. (Not to scale.) 
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reduce the coarse, pit-run stone to material of more uniform size. This operation 
has a capacity of 8,000 tons of crushed stone per day. Coarser stone is used for 
concrete aggregate and road stone. Finer grades are used in macadam surfacing, 
and the finest crushed stone is used for agricultural lime. Finished stone is 
shipped by truck and rail from this quarry. 
Limestone is one of the most important and valuable non-fuel mineral resources 
in Illinois. The best sources of this material are in northern, western, and 
extreme southern Illinois. In these localities, the stone is of high quality 
and can be used for more purposes, and therefore is in great demand. Although 
limestones do occur in Pennsylvanian strata that cover approximately four-fifths 
of the state, the Pennsylvanian stone generally is more impure and weak and has 
fewer applications. Nevertheless, it is used for some purposes because it is 
the closest available stone. It generally is too expensive to ship stone long 
distances. 
The construction industry uses large quantities of stone for raw materials for 
making cement, concrete and macadam aggregates, road and railroad surfacing, and 
for riprap. Large quantities are also used for agricultural lime to 11 SWeeten 11 
soil. Because of its bulk, it is expensive to transport stone long distances, 
except for special uses in the chemical industry. Municipalities and industries 
that have extensive supplies nearby, therefore, are fortunate. The Southern 
Illinois Stone Company quarry is one of the largest quarries in this part of the 
state. 
The spoil-pile collecting area affords a good view to the east and southeast of 
the north-sloping cuesta. Fragments of Pennsylvanian plant fossils can be collected 
here. Mississippian fossils are present but difficult to extract from the stone. 
0.0 
3.5 
0.75 
0.15 
1 . 6 
Leave Stop 5. CAUTION, wait a few moments after 
looking carefully to the left (south) before 
entering the highway to make sure that a car is 
not hidden below your line of sight. TURN RIGHT 
(north) on state route 37. 
Enter Goreville Village limits. 
CAUTION--Goreville business district. 
TURN LEFT {west) at first intersection north of 
U.S. Post Office. 
Roadcut exposure of Pleistocene and Pennsylvanian strata. (SW%SW% 
NW%SW% Sec. 16, T. 11 S., R. 2 E., 3rd P.M., Johnson County; Lick 
Creek 7 .5-minute quadrangle.) 
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This loess exposure is one of the best preserved on the field trip. The basal 
part of the section is unusual in that it is so hard, much different from the same 
loess farther north in Illinois. The section is as follows: 
QUATERNARY SYSTEM 
Pleistocene Series 
Holocene Stage---Modern Soil developed in Peoria Loess. 
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Wisconsinan Stage 
Woodfordian Substage 
Peoria Loess--yellowish brown when moist; silt coats common; heavy silt 
loam; rounded blocky structure; 8 to 12 in. thick. (This unit 
may have been disturbed, as it has characteristics of degra~ed B 
horizon of Hosmer soil.) 
Loess--light gray when dry, but light brownish gray when moist and 
having a few yellowish mottles and peds; t6ugh, finely silty~ 
granular structure to blocky; more clayey than above; manganese 
blebs in lower part; 3 ft thick; grades into: 
Altonian Substage 
Roxana Silt--slightly pinkish but yellowish brown when moist; few 
silt coats, no clay skins, few dark stains, platy to blocky, 
more friable than material above; also harder than overlying 
material; over 2ft, 8 in. thick (base concealed). 
Covered interval--about 1~ ft. 
PENNSYLVANIAN SYSTEM 
~kCormi ck Group 
Abbott Formation(?) 
0.0 
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Grindstaff (?) Sandstone Member--yellow-brown weathered surface, cross-
bedded, conglomeratic; over 10 ft thick. 
Leave Stop 6, CONTINUE AHEAD (west). 
Entrance to scenic overlook on left. Excellent yi'ew 
down across the Pennsylvanian escarpment. 
Enter I-57 interchange. CONTINUE AHEAD (west) and 
prepare to turn left. 
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TURN LEFT (south) on to 1-57 access lane. 50.8 
CAUTION, merge left with I-57 traffic. Pounds Sandstone 50.95 
exposed on both sides of I-57 interchange. Southward 
for the next 0.5 mile the interstate is cut through 
the Pounds Sandstone and the Drury Shale. About 25 to 30 
feet of the lower part of the Pounds is exposed. It is 
medium-grained, flaggy to thick bedded to massive, shows 
cross bedding, and contains shale pebbles in the lower 
·part, which is also locally conglomeratic. 
About 70 to 80 feet of the underlying Drury Shale is exposed as a succession of 
interbedded shales, siltstones, and sandstones. Several ironstone layers are 
prominent. 
The view ahead (southwest) is down across the lower part of the Pennsylvanian 
escarpment onto the lower, irregular rolling Mississippian surface. 
0.5 
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Enter Union County. 
Leave the roadcut and 
NOTE: excellent view to left 
I 51 • 45 
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the cuesta•s gentle dip slope to the north. The back-
or dip-slope of Draper's Bluff is at "10:30" separated 
by a notch from Cedar Bluff at "9 o'clock." 
Enter roadcut that exposes 170 to 180 feet of the 
Caseyville Formation (basal Pennsylvanian) for next 
0.55 mile. 
--·--------~-~-~~---~-~~~~.~~~~--~~ 
52.2 
The upper member seen is the massive Battery Rock Sandstone, which is 50 to 55 feet 
thick and shows thick cross-bedded units here. It is a bold, conspicuous ridge 
formed across southern Illinois between the Mississippi and Ohio Rivers. Frequently 
it is a quartz pebble conglomerate, but few quartz pebbles are found here. 
The underlying Wayside Sandstone Member is 130 to 140 feet thick and consists of 
irregularly interbedded shales and sandstones. The shales are dark, slaty, and 
commonly fissile and weak when weathered. The sandstones are white to tan, massive 
to irregularly bedded, showing ripple marks. They also contain some shale pebbles. 
The Mississippian Kinkaid Limestone Formation is exposed below the road level on 
the right. 
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Leave roadcut and cross lick Creek valley. 
Mississippian Kinkaid Limestone exposed in low 
roadcuts on both sides of the interstate. 
lick Creek interchange. CONTINUE AHEAD (southwest). 
~Oegonia Sandstone and underlying Clore limestone in 
roadcut. 
Palestine Sandstone exposed at county road overpass. 
Cross Bradshaw Creek. 
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Sinkhole tract to right (west and northwest) developed 56.75 
in Menard limestone. 
Cross Cache River. 
Route ascends dip-slope of Hardinsburg Sandstone. 
NOTE: the upcoming rest area, southbound lane 
only, has a display of southern Illinois rocks and 
minerals placed there by the Geological Survey. 
Golconda limestone Group exposure on the right. 
BEAR RIGHT, (southwest) at state route 146 inter-
change. 
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STOP, 1-way. TURN LEFT (easterly) on state route 146. 60.25 
Roadcut exposure of Golconda Limestone and overlying Hardinsburg 
Sandstone. (S%NE~SE~NE~ Sec. 30, T. 12 S., R. 1 E., 3rd P.M., 
Union County; Anna 7.5-minute quadrangle.) NOTE: You must 
obtain permission from the District Traffic Engineer, Carbondale, 
60.7 
before collecting at this locality. "Collecting shall be limited to existinq 
loose material. No large stones or rocks shall be moved or placed in 
the ditches." 
The upper slopes of this exposure are covered with Hardinsburg Sandstone rubble. 
This sandstone is exposed a short distance up the hill to the east. 
The Golconda Limestone at this locality consists of an interbedded sequence of 
marine limestones and shales. Some of the limestones occur as lenticular masses 
in a shale matrix. This is one of the most fossiliferous exposures in the region. 
The fossil plate in the pages following shows some of the most common fossils 
found: crinoids, pentremites, brachiopods, and bryozoa (many types, including 
fenestellid and branching forms and the spiral form, Archimedes). 
End of field trip. Have a safe journey home. 
PROPERTY OWNERS 
.. . .QIS GEO OGI 
·~.:~ifJAVaY LISRAR.'l 
You MUST get permission before visiting the following stops: 
No. 2 Williamson Coal Company, P. 0. Box 10, Energy, IL 62933 
No. 4 Park Ranger, Ferne Clyffe State Park, . Route 37 South, Goreville, IL 
62939. NOTE: Groups of 25 or more must receive permission before 
coming to the park. Groups of minors must be accompanied by at least 
1 responsible adult for each 15 persons. 
No. 5 Southern Illinois Stone Company, P. 0. Box 38, Buncombe, IL 62912 
No. 7 District Traffic Engineer, Illinois Department of Transportation, 
Division of Highways/District 9, Transportation Building/Old Route 13W, 
Carbondale, IL 62901 
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PLEISTOCENE GLACIATIONS IN ILLINOIS 
Origin of the Glaciers 
During the past million years or so, the period of time cailed the 
Pleistocene Epoch, most of the northern hemisphere above the 50th parallel has 
been repeatedly covered by glacial ice. Ice sheets formed in sub-arctic regions 
four different times and spread outward until they covered the northern parts 
of Europe and North America. In North America the four glaciations, in order 
of occurrence from the oldest to the youngest, are called the Nebraskan, Kansan, 
Illinoian, and Wisconsinan Stages of the Pleistocene Epoch. The limits and 
times of the ice movement in Illinois are illustrated in the following pages 
by several figures. 
The North American ice sheets developed during periods when the mean 
annual temperature was perhaps 4° to 7° C (7° to 13° F) cooler than it is now 
and winter snows did not completely melt during the summers. Because the cooler 
periods lasted tens of thousands of years, thick masses of snow and ice accumu-
lated to form glaciers. As the ice thickened, the great weight of the ice and 
snow caused them to flow outward at their margins, often for hundreds of miles. 
As the ice sheets expanded, the areas in which snow accumulated probably also 
increased in extent. 
Tongues of ice, called lobes, flowed southward from the Canadian 
centers near Hudson Bay and converged in the central lowland between the Appa-
lachian and Rocky Mountains. There the glaciers made their farthest advances 
to the south. The sketch below shows several centers of flow, the general 
directions of flow from the centers, and the southern extent of glaciation. 
Because Illinois lies entirely in the central lowland, it has been invaded by 
glaciers from every center. 
Effects of Glaciation 
Pleistocene glaciers and the waters melting from them changed the 
landscapes they covered. The glaciers scraped and smeared the landforms they 
overrode, leveling and filling many of the minor 
valleys and even some of the larger ones. Moving 
ice carried colossal amounts of rock and earth, 
for much of what the glaciers wore off the ground 
was kneaded into the moving ice and carried along, 
often for hundreds of miles. 
The continual floods released by melting 
ice entrenched new drainageways, deepened old ones, 
and then partly refilled both with sediments as 
great quantities of rock and earth were carried 
beyond the glacier fronts. According to some 
estimates, the amount of water drawn from the sea 
and changed into ice during a glaciation was 
probably enough to lower sea level more than 300 
feet below present level. Consequently, the 
melting of a continental ice sheet provided a 
tremendous volume of water that eroded and trans-
ported sediments. 
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In most of Illinois, then, glacial and meltwater deposits buried the 
old rock-ribbed, low, hill-and-valley terrain and created the flatter landforms 
of our prairies. The mantle of soil material and the deposits of gravel, sand. 
and clay left by the glaciers over about 90 percent of the state have been of 
incalculable value to Illinois residents. 
Glacial Deposits 
The deposits of earth and rock materials moved by a glacier and 
deposited in the area once covered by the glacier are collectively called 
drift. Drift that is ice-laid is called till. Water-laid drift is called 
outwash. 
Till is deposited when a glacier melts and the rock material it 
carries is dropped. Because this sediment is not moved much by water, a till 
is unsorted, containing particles of different sizes and compositions. It is 
also unstratified (unlayered). A till may contain materials ranging in size 
from microscopic clay particles to large boulders. Most tills in Illinois are 
pebbly clays with only a few boulders. 
Tills may be deposited as end moraines, the arc-shaped ridges that 
pile up along the glacier edges where the flowing ice is melting as fast as it 
moves forward. Till also may be deposited as ground moraines, or till plains, 
which are gently undulating sheets deposited when the ice front melts back, or 
retreats. Deposits of till identify areas once covered by glaciers. North-
eastern Illinois has many alternating ridges and plains, which are the succes-
sion of end moraines and till plains deposited by the Wisconsinan glacier. 
Sorted and stratified sediment deposited by water melting from the 
glacier is called outwash. Outwash is bedded, or layered, because the flow of 
water that deposited it varied in gradient, volume, velocity, and direction. 
As a meltwater stream washes the rock materials along, it sorts them by size--
the fine sands, silts, and clays are carried farther downstream than the coarser 
gravels and cobbles. Typical Pleistocene outwash in Illinois is in multilayered 
beds of clays, silts, sands, and gravels that look much like modern stream 
deposits. 
Outwash deposits are fo~nd not only in the area covered by the ice 
field but sometimes far beyond it. Meltwater streams ran off the top of the 
glacier, in crevices in the ice, and under the ice. In some places, the cobble-
gravel-sand filling of the bed of a stream that flowed in the ice is preserved 
as a sinuous ridge called an esker. Cone-shaped mounds of coarse outwash, 
called kames, were formed where meltwater plunged through crevasses in the ice 
or into ponds along the edge of the glacier. 
The finest outwash sediments, the clays and silts, formed bedded 
deposits in the ponds and lakes that filled glacier-dammed stream valleys, the 
sags of the till plains, and some low, moraine-diked till plains. Meltwater 
streams that entered a lake quickly lost speed and almost immediately dropped 
the sands and gravels they carried, forming deltas at the edge of the lake. 
Very fine sand and silts were moved across the lake bottom by wind-generated 
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currents, and the clays, which stayed in suspension longest, slowly settled 
out and accumulated with them. 
Along the ice front, meltwater ran off in innumerable shifting and 
short-lived streams that laid down a broad, flat blanket of outwash that formed 
an outwash plain. Outwash was also carried away from the glacier in valleys 
cut by floods of meltwater. The t1ississippi, Illinois, and Ohio Rivers occupy 
valleys that were major channels for meltwaters and were greatly widened and 
deepened during times of the greatest meltwater floods. When the floods waned, 
these valleys were partly filled with outwash far beyond the ice margins. Such 
outwash deposits, largely sand and gravel, are known as valley trains. Valley 
trains may be both extensive and thick deposits. For instance, the long valley 
train of the Mississippi Valley is locally as much as 200 feet thick. 
Loess and Soils 
One of the most widespread sediments resulting from glaciation was 
carried not by ice or water but by wind. Loess is the name given to such 
deposits of windblown silt and clay. The silt was blown from the valley trains 
on the floodplains. Most loess deposition occurred in the fall and winter 
seasons when low temperatures caused meltwater floods to abate, exposing the 
surfaces of the valley trains and permitting them to dry out. During Pleisto-
cene time, as now, west winds prevailed, and the loess deposits are thickest 
on the east sides of the source valleys. The loess thins rapidly away from 
the valleys but extends over almost all the state • 
. Each Pleistocene glaciation was followed by an interglacial stage 
that began when the climate warmed enough to melt the glaciers and their snow-
fields. During these warmer intervals, when the climate was similar to that 
of today, drift and loess surfaces were exposed to weather and the activities 
of living things. Consequently, over most of the glaciated terrain, soils 
developed on the Pleistocene deposits and altered their composition, color, 
and texture. Such soils were generally destroyed by later glacial advances, 
but those that survive serve as keys to the identity of the beds and are 
evidence of the passage of a long interval of time. 
Glaciation in a Small Illinois Region 
The following diagrams show how a continental ice sheet might have 
looked as it moved across a small region in Illinois. They illustrate how it 
could change the old terrain and create a landscape like the one we live on. 
To visualize how these glaciers looked, geologists study the landforms and 
materials left in the glaciated regions and also the present-day mountain 
glaciers and polar ice caps. 
The block of land in the diagrams is several miles wide and about 10 
miles long. The vertical scale is exaggerated--layers of material are drawn 
thicker and landforms higher than they ought to be so that they can be easily 
seen. 
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1. The Region Before Glaciation - Like most of Illinois, the region illustrated is under-
lain by almost flat-lying beds of sedimentary rocks--layers of sandstone ( ~~:.~·),limestone 
(55::). and shale ( -). Millions of years of erosion have planed down the bedrock (BR), 
creating a terrain of low uplands and shallow valleys. A residual soil weathered from local 
rock debris covers the area but is too thin to be shown in the drawing. The streams illus-
trated here flow westward and the one on the right flows into the other at a point beyond 
the diagram. 
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2. The Glacier Advances Southward - As the glacier (G) spreads out from its snowfield, it 
scours (SC) the soil and rock surface and quarries (Q)--pushes and plucks up--chunks of bed-
rock. These materials are mixed into the ice and make up the glaeter 1 s "load." Where 
roughnesses in the terrain slow or stop flow (F), the ice "current" slides up over the 
blocked ice on innumerable shear planes (S). Shearing mixes the load very thoroughly. As 
the glacier spreads, long cracks called "crevasses" (C) open parallel to the direction of 
ice flow. The glacier melts as it flows forward, and its meltwater erodes the terrain in 
front of the lee, deepening (D) some old valleys before the ice covers them. Meltwater 
washes away some of the load freed by melting and deposits it on the outwash plain (OP). 
The advancing glacier overrides its outwash and in places scours much of it up again. The 
glacier may be 5000 or so feet thick , except near its margin. Its ice front advances per-
haps as much as a third of a mile per year. 
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3. The Glacier Deposits an End Moraine - After the glacier advanced across the area. the 
climate warmed and the ice began to melt as fast as it advanced. The ice front (IF) is now 
stationary, or fluctuating in a narrow area, and the glacier is depositing an end moraine. 
As the top of the glacier melts, some of the sediment that was mixed in the ice accumu-
lates on top of the glacier. Some is carried by meltwater onto the sloping ice front (IF) 
and out onto the plain beyond. Some of the debris slips down the ice front in a mudflow (FL). 
Meltwater runs through the ice in a crevasse (C). A superglacial stream (SS) drains the top 
of the ice, forming an outwash fan (OF). Moving ice has overridden an immobile part of the 
front on a shear plane (S). All but the top of a block of ice (B) is buried by outwash (0). 
Sediment from the melted ice of the previous advance (figure 2) was left as a till layer 
(T), part of which forms the till plain (TP). A shallow, marshy lake (L) fills a low place 
in the plain. Although largely filled with drift, the valley (V) remained a low spot in the 
terrain. As soon as its ice cover melted, meltwater drained down the valley, cutting it 
deeper. Later, outwash partly refilled the valley--the outwash deposit is called a valley 
train (VT). Wind blows dust (DT) off the dry floodplain. The dust will form a loess deposit 
when it settles. 
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4. The Region after Glaciation - The climate has warmed even more. the whole ice sheet has 
melted, and the glaciation has ended. The end moraine (EM) is a low, broad ridge between the 
outwash plain (OP) and till plains (TP). Run-off from rains cuts stream valleys into its 
slopes. A stream goes through the end moraine along the channel cut by the meltwater that 
ran out of the crevasse in the glacier. 
Slopewash and vegetation are filling the shallow lake. The collapse of outwash into the 
cavity left by the ice block's melting has made a kettle (K). The outwash that filled a 
tunnel draining under the glacier is preserved in an esker (E). The hill of outwash left 
where meltwater dumped sand and gravel into a crevasse or other depression in the glacier or 
at its edge is a kame (KM). A few feet of loess covers the entire area but cannot be shown 
at this scale. 
STAGE 
HOLOCENE 
WISCONSINAN 
(4th glacial) 
SANGAMONIAN 
(3rd interglacial) 
ILLINOIAN 
(3rd glacial) 
YARMOUTHIAN 
(2nd interglacial) 
KANSAN 
(2nd glacial) 
AFTON IAN 
(1st interglacial) 
NEBRASKAN 
(1st glacial) 
TIME TABLE OF PLEISTOCENE GLACIATION 
SUBSTAGE 
Years 
Before Present 
7,000 
Valderan 
- 11,000 
Twocreekan 
- 12,500 
Woodfordian 
- 22,000 
Farmdalian 
- 28,000 
Altonian 
75,000 
175,000 
Jubileean 
Monic an 
Liman 
300,000 
600,000 
700,000 
900,000 
NATURE OF DEPOSITS 
Soil, youthful profile 
of weathering, lake 
and river deposits, 
dunes, peat 
Outwash, lake deposits 
Peat and alluvium 
Drift, loess, dunes, 
lake deposits 
Soil, silt, and peat 
Drift, loess 
Soil, mature profile 
of weathering 
Drift, loess 
Drift, loess 
Drift, loess 
Soil, mature profile 
of weathering 
Drift' loess 
Soil, mature profile 
of weathering 
Drift 
1,200,000 or more 
SPECIAL FEATURES 
Outwash along 
Mississippi Valley 
Ice withdrawal, erosion 
Glaciation; building of 
many moraines as far 
south as Shelbyville; 
extensive valley trains, 
outwash plains, and lakes 
Ice withdrawal, weathering 
and erosion 
Glaciation in northern 
Illinois, valley trains 
along major rivers 
Glaciers from northeast 
at maximum reached 
Mississippi River ·and 
nearly to southern tip 
of Illinois 
Glaciers from northeast 
and northwest covered 
much of state 
Glaciers from northwest 
invaded western Illinois 
(Illinois State Geological Survey, 1973) 
SEQUENCE OF GLACIATIONS AND INTERGLACIAL 
DRAINAGE IN ILLINOIS 
I. 
NEBRASKAN 
inferred glacial I imit 
LIMAN 
glacial advance 
ALTON IAN 
glacial advance 
AFTON IAN 
major drainage 
MONICAN 
glacial advance 
WOODFORDIAN 
glacial advance 
KANSAN 
inferred glacial limits 
JUBILEEAN 
glacial advance 
WOODFORDIAN 
Valparaiso ice and 
Kankakee Flood 
YARMOUTH IAN 
major drainage 
SANGAMONIAN 
major drainage 
VALDERAN 
drainage 
(From Willman and Frye, 11 Pleistocene Stratigraphy of Illinois," ISGS Bull. 94, 
fig. 5, 1970.) 
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GLACIAL MAP OF ILLINOIS 
H.B. WILLMAN and JOHN 
1970 
Modified from mops by Leverett (1899), 
Ekblow (1959), Leighton and Brophy (1961), 
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EXPLANATION 
HOLOCENE AND WISCONSINAN 
~ Alluvium, sand dunes, 
and grovel terraces 
WISCONSINAN 
~ Lake deposits 
WOODFORDIAN 
Moraine 
~ Front of morainic system 
~ Ground moraine 
ALTONIAN 
- Tillploin 
ILLINOIAN CIJ Moraine and ridged drift 
EJ Groundmoroine 
KANSAN 
~Till plain 
DRIFT LESS 
D 
Modified from Bull- 94.-pl.2 
Q_c::==:E:::~2CO==::::::E==:::340 Miles 
0 10 20 30 40 50 Kilometers 
I E3 E3 I 
DEPOSITIONAL HISTORY OF THE PENNSYLVANIAN ROCKS 
At the close of the Mississippian Period, about 310 million years ago, 
the Mississippian sea withdrew from the Midcontinent ~egion. A long interval of 
erosion took place early in Pennsylvanian time and removed hundreds of feet of 
the pre-Pennsylvanian strata, completely stripping them away and cutting into 
older rocks over large areas of the Midwest. An ancient river system cut deep 
channels into the bedrock surface. Erosion was interrupted by the invasion of 
the Morrowan (early Pennsylvanian) sea. 
Depositional conditions in the Illinois Basin during the Pennsylvanian 
Period were somewhat similar to those that existed during Chesterian (late Missis-
sippian) time. A river system flowed southwestward across a swampy lowland, car-
rying mud and sand from highlands in the northeast. A great delta was built out 
into the shallow sea (see paleogeography map on next page). As the lowland stood 
only a few feet above sea level, only slight changes in relative sea level caused 
great shifts in the position of the shoreline. 
Throughout Pennsylvanian time the Illinois Basin continued to subside 
while the delta front shifted owing to worldwide sea level changes, intermittent 
subsidence of the basin, and variations in the amounts of se~iment carried seaward 
from the land. These alternations between marine and nonmarine conditions were 
more frequent than those during pre-Pennsylvanian time, and they produced striking 
lithologic variations in the Pennsylvanian rocks. 
Conditions at various places on the shallow sea floor favored the deposi-
tion of sandstone, limestone, or shale. Sandstone was deposited near the mouths 
of distributary channels. These sands were reworked by waves and spread as thin 
sheets near the shore. The shales were deposited in quiet-water areas--in delta 
bays between distributaries, in lagoons behind barrier bars, and in deeper water 
beyond the nearshore zone of sand deposition. Most sediments now recognized as 
limestones, which are formed from the accumulation of limey parts of plants and 
animals, were laid down in areas where only minor amounts of sand and mud were 
being deposited. Therefore, the areas of sandstone, shale, and limestone deposi-
tion continually changed as the position of the shoreline changed and as the delta 
distributaries extended seaward or shifted their positions laterally along the 
shore. 
Nonmarine sandstones, shales, and limestones were deposited on the deltaic 
lowland bordering the sea. The nonmarine sandstones were deposited in distributary 
channels, in river channels, and on the broad floodplains of the rivers. Some sand 
bodies, 100 or more feet thick, were deposited in channels that cut through many of 
the underlying rock units. The shales were deposited mainly on floodplains. Fresh-
water limestones and some shales were deposited locally in fresh-water lakes and 
swamps. The coals were formed by the accumulation of plant material, usually where 
it grew, beneath the quiet waters of extensive swamps that prevailed for long inter-
vals on the emergent delta lowland. Lush forest vegetation, which thrived in the 
warm, moist Pennsylvanian climate, covered the region. The origin of the underclays 
beneath the coals is not precisely known, but they were probably deposited in the 
swamps as slackwater muds before the formation of the coals. Many underclays con-
tain plant roots and rootlets that appear to be in their original places. The for-
mation of coal marked the end of the nonmarine portion of the depositional cycle, 
for resubmergence of the borderlands by the sea interrupted nonmarine deposition, 
and marine sediments were then laid down over the coal. 
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Paleogeography of Illinois-Indiana region during Pennsylvanian time. The 
diagram shows the Pennsylvanian river delta and the position of the shore-
line and the sea at an instant of time during the Pennsylvanian Period. 
Pennsylvanian Cyclothems 
Because of the extremely varied environmental conditions under which 
they formed, the Pennsylvanian strata exhibit extraordinary variations in thick-
ness and composition, both laterally and vertically. Individual sedimentary units 
are often only a few inches thick and rarely exceed 30 feet thick. Sandstones and 
shales commonly grade laterally into each other, and shales sometimes interfinger 
and grade into limestones and coals. The underclays, coals, black shales, and 
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limestones, however, display remarkable lateral continuity for such thin units 
(usually only a few feet thick). Coal seams have been traced in mines, outcrops, 
and subsurface drill records over areas comprising several states. 
The rapid and frequent changes in depositional environments during 
Pennsylvanian time produced regular or cyclical alternations of sandstone, shale, 
limestone, and coal in response to the shifting front of the delta lowland. Each 
series of alternations, called a cyclothem, consists of several marine and non-
marine rock units that record a complete cycle of marine invasion and retreat. 
Geologists have determined, after extensive studies of the Pennsylvanian strata in 
the Midwest, that an ideally complete cyclothem consists of 10 sedimentary units. 
The chart on the next page shows the arrangement. Approximately 50 cyclothems 
have been described in the Illinois Basin, but only a few contain all 10 units. 
Usually one or more are missing because conditions of deposition were more varied 
than indicated by the ideal cyclothem. However, the order of units in each cyclo-
them is almost always the same. A typical cyclothem includes a basal sandstone 
overlain by an underclay, coal, black sheety shale, marine limestone, and gray 
marine shale. In general, the sandstone-underclay-coal portion (the lower 5 units) 
of each cyclothem is nonmarine and was deposited on the coastal lowlands from which 
the sea had withdrawn. However, some of the sandstones are entirely or partly 
marine. The units above the coal are marine sediments and were deposited when the 
sea advanced over the delta lowland. 
Origin of Coal 
It is generally accepted that the Pennsylvanian coals originated by the 
accumulation of vegetab l e matter, usually in place, beneath the waters of. exten-
sive, shallow, fresh-to-brackish swamps. They represent the last-formed deposits 
of the nonmarine portions of the cyclothems. The swamps occupied vast areas of 
the deltaic coastal lowland, which bordered the shallow Pennsylvanian sea. A 
luxuriant growth of forest plants, many quite different from the plants of today, 
flourished in the warm Pennsylvanian climate. Today's common deciduous trees were 
not present, and the flowering plants had not yet evolved. Instead, the jungle-
like forests were dominated by giant ancestors of present-day club mosses, horse-
tails, ferns, conifers, and cycads. The undergrowth also was well developed, con-
sisting of many ferns, fernlike plants, and small club mosses. Most of the plant 
fossils found in the coals and associated sedimentary rocks show no annual growth 
rings, suggesting rapid growth rates and lack of seasonal variations in the climate. 
Many of the Pennsylvanian plants, such as the seed ferns, eventually became extinct. 
Plant debris from the rapidly growing swamp forests--leaves, twigs, 
branches, and logs--accumulated as thick mats of peat on the floors of the swamps. 
Normally, vegetable matter rapidly decays by oxidation, forming water, nitrogen, 
and carbon dioxide. However, the cover of swamp water, which was probably stag-
nant and low in oxygen, prevented the complete oxidation and decay of the peat 
deposits. 
The periodic invasions of the Pennsylvanian sea across the coastal swamps 
killed the Pennsylvanian forests and initiated marine conditions of deposition. The 
peat deposits were buried by marine sediments. Following burial, the peat deposits 
were gradually transformed into coal by slow chemical and physical changes in which 
pressure (compaction by the enormous weight of overlying sedimentary layers), heat 
(also due to deep burial), and time were the most important factors. Water and 
volatile substances (nitrogen, hydrogen, and oxygen) were slowly driven off during 
the coalification process, and the peat deposits were changed into coal. 
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Coals have been classified by ranks that are based on the degree of 
coalification. The commonly recognized coals, in order of increasing rank, are 
(1) brown coal or lignite, (2) sub-bituminous, (3) bituminous, (4) semibituminous, 
(5) semianthracite, and (6) anthracite. Each increase in rank is characterized by 
larger amounts of fixed carbon and smaller amounts of oxygen and other volatiles. 
Hardness of coal also increases with increasing rank. All Illinois coals are clas-
sified as bituminous. 
Underclays occur beneath most of the coals in Illinois. Because underclays 
are generally unstratified (unlayered), are leached to a bleached appearance, and 
generally contain plant roots, many geologists consider that they represent the 
ancient soils on which the coal-forming plants grew. 
The exact origin of the carbonaceous black shales that occur above many 
coals is uncertain. The black shales probably are deposits formed under restricted 
marine (lagoonal) conditions during the initial part of the invasion cycle, when the 
region was partially closed off from the open sea. In any case, they were deposited 
in.quiet-water areas where very fine, iron-rich muds and finely divided plant debris 
were washed in from the land. The high organic content of the black shales is also 
in part due to the carbonaceous remains of plants and animals that lived in the 
.lagoons. MOst of the fossils represent planktonic {floating) and nektonic (swim-
ming) forms--not benthonic (bottom dwelling) forms. The depauperate (dwarf) fossil 
forms sometimes found in black shales formerly were thought to have been forms that 
were stunted by toxic conditions in the sulfide-rich, oxygen-deficient waters of the 
lagoons. However, study has shown that the "depauperate" fauna consists mostly of 
normal-size individuals of species that never grew any larger. 
TRILOBITES CORALS FUSULINIDS 
Fusulina acme 5x 
Fusulina girtyi 5 x 
Am8uro sangamonensis Lophophllidium proliferum I x 
OLtomopyge parvu/us l lf2 x BRYOZOANS 
CEPHALOPODS 
Fenesfrellina mimica 9x 
Pseudorthoceras knoxense l x 
Rhomboporo lepidodendroides 
Glophrites w811eri 2/3 x 
Fenestrellina modesto lOx 6X 
Fistulipora carbonaria 3 113 x 
M8facoc8ros cornu tum 1112 x Prismoporo triongulato 12 x 
PELECYPODS 
Nucu/a (Nuculopsis) girtyi I x As forte/fa concenfrica 1 x 
Edmonia ovalo 2 x 
Ounbarella kniqhfi I V2 X Cardiomorpha missouriensis 
"Type A" I x 
Cardiomorpha missouriensis 
"Type B" IIJ2 x 
GASTROPODS 
Euphemites carbonarius lltz x 
Trepospiro illinoisensis I l/2 x 
Dona/dina robusta 8 x 
Naticopsis ( Jedria) ventricosa I Vz x Trepospira sphaerulata I x 
Kniqhtites monfforlianus 2 x Glabrocingulum (Giabrocingulum) groyvillense 3x 
BRYOZOANS TRILOBITE CRINOIDS BLASTOIDS 
Pferatocrinus I x Pentremites 2 x 
Phillipsia I x 
Rhombopora I x Archimedes I x Platycrinus 1 x 
BRACHIOPODS 
Pentremites 
CORALS 
Leptaena lx 
Triplophyllites I x 
Compos ita I x Spiriferina I x 
Spirifer I x 
Brachyfhyris I x Pugnoides 1 x Girtye/lo 1 x 
Coninia 2;3 x 
~ -- ' 
Orthotetes I x Schuchertello 1 x Echinoconchus I x 
BRACHIOPODS 
• 
We/Jerella tetrahedra I V2 x 
.Juresania nebrascensis 
Ot!rbya cross a I x Composito argentia I x 
Neospirifer comerotus I x 
Chonetes granulifer I lt2 x Mesolobus mesolobus var. evompygus 2 x Marginifera splendens I x 
Crurilhyris plonoconvsxa 2 x Linoproductus "cora" lx 
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